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Jemi-logarithmic amplifier � 
1.5 cps filter amplifier with rise time of 3 sec. o 
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Fi6�re 2.3. Meteor rates recorded simultaneously by film and 
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i'igure 2.4. Mean hourly all-sky meteor rate-� for the period 
��rch 5-16, 1962. 




























and mean 1.5 cps �icro�ulsation occ�rrer.ce rates over the period 
1·1arch �-16, 1962. 
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Figare 2.6. Mean hourly localized meteor rates for the per• )d 
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Fi��rP 2.�. Hourly localized meteor and micropulsatlon rates for 
t��ee 1epreJe&tative hours in the period �arch 23 through April 
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Figure 3.1. Z component record of the magnetic disturbance 
produced by the July 9, 1962 high-altitude nuclear explosion. 
Full-scale deflection is 0.5 ti sec peak-to-peak. 
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Figure 3.2. Reconstructed record of the magnetic disturbance 
from the July 9, 1962 nuclear explosion. The dotted and 
dashed lines indicate off-scale peak-to-peak signal levels 
greater than o. 95 t I sec
J 
and between o. 5 0 / sec and o. 95 fl 
sec respectively. 
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Figure 4.1. Five-day averages of magnetic activity at 1.5 cps 
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Figure 4. 2. Magnetic effects due to power grid supplying 
electric trains. Top: f = 1.5 cps magnetic record. 
Middle: f = 0.008 - 1.6 cps magnetic record showing impulsive 
interference with maximum peak-to-peak amplitudes of 0. 05(/ sec. 
Bottom: 1 minute time marks. (Time moves from right to left.) 
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Figure 4.3. Correlation of electric train fluctuations due to 
train movements, and resulting magnetic effects. Time moves 
from right to left, and the length LC = 17 minutes. Top: 
electric-power-factor variations (arrows indicate scheduled 
stopping times at intermediate stations). Middle: simultaneous 
magnetic effects in the frequency band 0.008-0.25 cps. Bottom: 
train movements. L = Lyttelton; C = Christchurch. 
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Figure 5.1. Equivalent circuit of the detector coil galvanometer-
photocell amplifier system. 
The symbols used are: 
e voltage generated by the detector coil s 
N number of turns on the detector coil 
a cross-sectional area of the detector coil core 
B component of the geomagnetic field along the axis 
0 
of the coil 
w angular frequency of the oscillations of B . 
0 
µ effective permeability of the detector coil core 
e angular deflection of the galvanometer mirror 
G galvanometer constant 
VG back e.m.f. induced in the galvanometer coil 
A gain of the optical-transistor amplifier 
RL resistance of the detector coil 
L inductance of the detector coil 
R galvanometer resistance g 
R output impedance of the optical-transistor amplifier 0 
Rf feedback resistance. 
L 
A& 
Figure 5.2. A family of theoretical frequency response curves 
for the galvanometer photocell amplifier. The corresponding 













A comparison of theoretical and experimental 
galvanometer photocell amplifier frequency response curves. 
The theoretical curve was calculated for R ~ = ·1. 2MJl and 
! 
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Figure �.1 (a). The portable transistorized micropulsation recording 
equipment. From left to right; galvanometer-photocell amplifier, 
slow-speed tape recorder, batteries, and voltage regulator. 

Figure 6.1 (b). The slow-speed tape deck showing the "Vero-board" 
circuitry. 

Figure 6. 2. Block diagram of the portable transistorized 
recording system. 
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Figure 7.1. Data analysis equipment. From left to right; 
pulse counter, playback tape recorder (containing the AF 
and pulse amplifiers), Sonagraph amplifier-analyser, and 
Sonagraph display unit. 

Figure 7.2. Block diagram of the data analysis system. 
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Figure 7 . 3 .  Frequency response curves for the record-playback 
system. The solid curv� indicate the response with equalization 
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Figure 7 . 4 .  Cal ibrati on si gnals. 
( a) Frequency calibration signals with ampl itudes of 25m t . 
( b) Sensitivity calibration with a 1 cps constant frequency 
signal. The minimum detectable signal is 3m f 
(c) and ( d) Sweep frequency calibrations with ramp signals 
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Figure 8.1. Amplitude-time record of a hydromagnetic emission 
recorded on the Z component at Christchur ch. The mean oscillation 
frequency is approximately 0. 6 cps and the maximum pe ak-to-peak 
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Figure 8 . 2 � Frequency-time display of a long duration 
hydromagnetic emission event exhibiting fine structure. 
(The ac tivity occurring betwe en 1 840 and 1 845 hr UT is 
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Figure 9. 1 .  Theore tical fre quency -t ime displays of h ydromagne tic  
emissions result ing from ion cyclotion wave packets propagating 
along fie ld aligne d paths at L = 4 (� = 60
° ) and L = 5 . 6 (� = 65° ) . 
The hori zontal dotted  line at 2 . 7 cps indicates the e quatorial ion 
cyclot �on fre que nc y at L = 5. 6. (Diagram aft er Obayashi , 1 96 4). 
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gure 9 . 2 Hydromagne tic wave at tenuation processe s .  Curve 
( a) Ionospheric att enuation charac teristic for hydromagne tic 
wave s propagating downwards through the ionosphe re under dayt ime 
sunspot minimum conditions . The slope is approximately 6db/o c tave . 
(From Karplus et  al. 1 962 ) .  Curve (b ) Magnetosphe ric att enuation 
due to cyclotron damping for ion cyclotron waves propagating along 
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+ f2 ) / 2. and the mean fine structure band 
spacing T - (tn - t )  / n - 1 ) , where n is the numb er of 
coherent bands present. The relat · e bandwidth is b,f f and 
the mean band slope is m =  (m
1 
+ mn ) / 2 where m1 
to mn ex;ress 
the slope of individual bands. 
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T I ME 
Typical broad-band and narrow-band emissions. The 
relative bandwidths Af/f are 0. 75 and 0. 1 2  re spectively. 
m 
The aonstant fre quency signal at 1 cps in the bottom sonagram 
i s  of instrumen tal origin. This  signal also appears on many 
of the sonagrams in the following Figure s 
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igure 1 0 . 3 Narrow-band hm emission in which the fine struc ture 
band s do not overlap in time . The individual band s on the 
sonagram corre spo nd to the envelopes on the amplitude-time 
chart . The me an band spac ing on  the sonagram is 2 . 1 0  � 0 . 05 min 
and the envel ope spac ing on the 1 . 0 cps channel of the amplitude 
time record is 2 . 2 + 0 . 1 min. 
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igure 1 0 . 4 Hm emissions in which the fine struc ture bands 
show a re gular int ensi ty Yariation with frequency.  The 
uppe r emi ssion appears to be composed of  th ree very narrow 
b and emissions . In the lower emission the element ary 
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igure 10. 5 ( a )  Enlargeme nt of a section of  the April 5 , 1964 
emission eve nt sho wn in Figure 1 0. 2. Note the discontinuiti es 
in fine structure band slope at approximatel y  0. 05 - 0. 1 cps 
interval s be twe en 1 530 hr . and 1 550 hr . UT. (b )  Example of  
individual narrow-band emissions exhibiting an incre ase in  band 
spacing within a broad-band emi ssion. The mean band spacing 









= 0. 40 0. 48 + 0. 05 cps , T = 2 . 52 + 0. 06 min 
= 0. 45 - 0. 55 T = 2. 65 + 0. 05 
= 0. 55 - 0. 65 T - 3 . 00 + 0. 05 
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igure 0 . Variation in hm emission midband period with mean 
band spacing. Emissions occurring during the local daytime 
between 22 - 06 hr. UT (0930 - 1 730 hr. LT) and within the 
three days following the commencement of a geomagnetic storm 
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g re 10. 7 Variati on in the mean fine structure band sl ope 
with mean band spacing for 51 data samples from broadband emissions. 
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i igure 1 0 . 8 Occurrence o f  hm emissions and geomagne t ic ac tivity. 




K over the period November  27 7 1 963 to July , 20 , 1 964 p 
Distributions o f  �p and KAM over the same period.  
No rmalize d  hm emi ssion o c currence dis tributions . 
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Figure 10 . 9 Hm emission event re corded simul tane ously at 
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gure 1 0 . 1 1 The occurrence o f  narrow-band irregular and 
non-struc tural Pc1 emissions and geomagne tic ac tivity . 
Top Distribu tions o f  twenty minute emission occurre nc e s  with 
KAM and 
M " ddle 
Bot tom 
K over the period November 27 , 1 963 to July 20 , 1 964 . 
p 




over the same pe riod . 
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igure 10 .12 Diurnal variation in the twenty minu te 
occurrence rates of narrow -band storm-time emissions. 
The full line indicates rates smo othe d in sliding groups 
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e 1 0 . 1 3  Irregular struc tured and no n-structured broad­
band storm- time emi ssions . 
I 
0600 
Jur-£ 10, 1964. 
igu re 1 1 . 1 Diurnal variation in the twenty minute occurrence 
rates  o f  hm emi ssions . The full line re pre sent s rate s 
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Figure 1 1 . 2 Diu rnal variation in midband frequency for hm 
emissions re corded ove r the period November 27 , 1 963 to 
July 20 1 1 964. Each point is the me an o f  the indicated 
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Figure 1 1 . 3 Five individual days showing the diurnal variation 
in midband fre quency. The data for May 1 7  - 1 8  and June 1 0  - 1 1 ,  
1 964 indicate e nhanced values o f  midb and freque ncy which typify 
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igu re 1 1 . 4 Thre e hm emission events exhibiting gradually 
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Diurnal variation in hm emission fine structure 
band spacing over the period November 27, 1963 to J~ly 20
1 
1964. Each point is the mean of the indicated number and 






































igure 11. 6 Day and night hm emission frequency spectra 
for the period December 1, 1963 to July 20 , 1964 and the 
two four month periods December - March and April - July. 
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MIDBAND FREQUENCY fm <CPS>. 
� re 11 . 7  Low frequency daytime hm emissions. 
Top. An unusually intense low frequency daytime emission. 
Note also the very narrow-band emissions occurring between 
0420 - 0440 hr and 0455 - 0530 hr. UT. ( The activity in 
the range 0. 7 - 1. 2 cps between 0600 - 0645 hr. represents 
the second harmonics of this event) 
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� igure 11 .8 Relationships oetween the hourly values of hm 
em�ssion upper frequency cutoff for daytime emiss ions occurring 
between 1 0-18  hr UT (0930 - 1 730 hr LT) and the ion densities of 
the E , F1 and F2 regions . The ion densities were calculated 
from the critical frequencies f Es , f F1 and f F2. 
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J.' 1.g re 2 . 1 Variation in t he night time hourly values o f  fine 
struc ture band spacing with daily magne tic activity as indi cated 
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Fit;ur0 1 2  • .? ( �. )  The me an hourly value·  of midb and fre quency for 
ni6httime dat d plotted as a function of � K values taken in p 
groups of five 
( b )  The me an hourly values of band spac ing plotte d 
in a similar manner. In both graphs e ach point is the mean of 
the indicate d number and the vertical l ine segment centre d on 






























































































































Latitude variations of the hm wave packet 
bounce period calculated using equation 13.1. The 
propagation velocity is assumed to be the Alfven velocity. 
An inverse cube law 
10 with N ~ 1.41 x 10 
0 
density distribution is assumed 
~ 
/ m- for the normal curve. The knee 
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igure 1 3 . 2 Lo cus o f  the e mission source as deduced from the diurnal 
variation in fine struc ture band spac ing. The full curve corre sponds 
to the ave rage T value s plotted  in Fi gure 1 1 . 5 and the dashe d curves 
corre spond to the  maximum and minimum hourly T value s .  The minimum 
curve repre sents the locat ion of the emission source  at disturbed 
periods . The do t te d  curve is  the average posit ion of  the sour ce 
for a magne to sphe ric plasma de nsity dis tribut ion with a knee 
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Figure 1 3 , 3 , Variation in hm emission oc currence at fourteen 
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igure 13 . 4 Variation in the time of diurnal pe ak occurrence 
of  hm emission ac t ivity with latitude for the fi fteee stat ions 
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Variation in the nighttime location of the hm 
emission source with daily magnetic activity as indicated 
by ~K • p The full curve corresponds to the average T 
values plotted in Figure 12.2, and the triangular and 
crossed data points represent the maximum and minimum 
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igu re A2 . 1  De tector c oil . The calibration coil is  wound 
on the smaller former be tween the two main c oils . 

F'igure 2 . 2 Galvanometer-photocell ampl i fier . 
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igure � . 3 Tape ampl ifier with high and low sensitivity 
data channels . 
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.____. ....,. __ ..
H EAD 1 
OASS TO TAPE 
._____. , .. 2500
,µf HEAD 3 
. 4 Overall fre que ncy re sponse o f  the high sensi tivity data ------
re cording channe l . The 3db band -width is 0 . 08 - 3 . 3 cps . 
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F R E Q E N CY c ps 
igu e 2 , 5 500 cps bias oscillator and amplifier. 
- 24 Y  
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BIAS OUTPU TS 
igure A2 . 6 . 50 cps squaring amplifier and motor drive power 
amplifier. The output o f  the squaring amplifier feeds to the 
frequency dividers providing the 2 ppm time signals. The 
power amplifier is rated at 1 .5 W and drives the tape transport 
and calibration oscillato r motors in parallel. 




8· 2 K  
27 K 
8 · 2 K  25 ,µf 
TO MOTORS 
/ 
Frequency division circuits for the time pulses. 
The 50 cps tuning fork signal is reduced to 2 ppm using four 
monostable circuits and three binary circuits. Details of 
the monostable circuits are listed below. 
Division R,I c ·1 
tor (hi stab. ---
M1 5 283 K 0.47 
M2 5 47 K 10 
M.5 5 100 K 25 
M4 3 100 K 50 
22K 
1. S K  
2 7 K  
- 2 4  V 
2.7K 
1000p f  
---�t > 
100 µt 
MONOSTABL E DIV IDE RS M 1-4 .  
OA85  
3 .9K  
1 5K 1 5K 














1 ut I 
I 
I 
-2 4 v 
TAPE 
l OO µt  HEAD 4 
2.2K 
B INARY DIV IDERS 8 1 -3 . OUTPU T  
Figure A2. 8 1000 cps filter amplifier and output stages. 
The amplifier has a �-factor of 8 . 
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470K 
1 0 K  1 8 K  
.1: igu e .:i.2 . 9 Batt e ry vo ltage regulator .  
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-30 10 -41• UNREGULATED - 24 • REGULATED 
____ ..,.. ______ .,_._.,... ____ .,.._.,.. ____ ...,. 
18 K 3-9 K 1 ·2 K  15 K 
ACY21 
S K  
1 8 K  33 K 
BZZ 10  
3-9 K 
Figu re 3 . 1 Equalization ampli fie r . 
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F " gure 3 . 5 .  The pulse counter gat e circuit . 
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